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ABSTRACT 


Worldwide, the incidence of kidney stones is increasing rapidly. This relationship 
is also noticeable with age. Its occurrence is associated with chronic kidney 
disease. This work aims to present diagnostic processes and prevention in 
nephrolithiasis. In the search for papers in this review, we based on the PubMed 
database. The literature we considered was limited to the years 2000-2023, with 
the use of key words in English: “kidney stones”, “kidney stone prevention”, 
“kidney stones kidney stone treatment”, “kidney stones risk factors”, “kidney 
stones diagnosis”. The research encompassed original, review, and meta-analyses 
articles. A daily urinalysis is used to provide information about the factors that 
make up the calculus. In preventing calcium oxalate, cystine, or uric acid stones 
formation, urine alkalization via a diet rich in fruits and vegetables, vitamin C 
supplementation, and drinking water are essential. However, the urine should be 
acidified to prevent the formation of calcium phosphate or struvite stones. 
Antibiotics, protease inhibitors, and certain diuretics cause the risk of kidney 
stones. An analogous effect may occur in the case of obesity or weight loss 
associated with laxative misuse, rapid depletion of muscle tissue, or inadequate 
hydration. Increasing public awareness of nephrolithiasis and the possible 
preventive measures can effectively reduce incidents of renal colic attacks. 
Knowledge of risk factors and increased availability of diagnostics may reduce 
the incidence of kidney stones. 
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1. INTRODUCTION 


Nephrolithiasis is a common disease with an increasing prevalence of up to 20% 
worldwide (Kachkoul et al., 2023). The higher prevalence of the disease is due to 
lifestyle changes, such as lower consumption of vegetables or fruit, higher 
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consumption of animal proteins, salt, sweetened beverages, and insufficient fluid intake (Sakhaee et al., 2012). Calcareous stones are the 
most common type of kidney stones and may be associated with hyperoxaluria, hyperuricosuria, cystinuria, or hypercalciuria (Sakhaee 
et al., 2012). Hypercalciuria has been defined as urinary calcium excretion> 4 mg/kg/day or urinary calcium/creatinine ratio> 0.2. It 
occurs in less than 60% of patients with recurrent calcium stones (Sakhaee et al., 2012). Hyperoxaluria is an increase in urinary oxalate 
excretion above 45 mg/day. Hyperoxaluria occurs in 10%-30% of cases of calcium stones. 

Hyperoxaluria can also occur after high doses of vitamin C therapy. Calcium oxalate and uric acid stones tend to form in relatively 
acidic urine (pH <5.5), while calcium phosphate stones precipitate in urine that is alkaline, typically with a pH greater than 7.0 
(Prezioso et al., 2015). There is a positive family history of nephrolithiasis in about half of patients with idiopathic nephrolithiasis with 
hypercalciuria. For these reasons, patients with calcium phosphate stones would need to be assessed for conditions associated with 
alkaline urine, such as distal renal tubular acidosis (type 1), urinary tract infection and hyperparathyroidism (Sakhaee et al., 2012). 
Hyperuricosuria is urinary uric acid excretion of uric acid> 750 mg/24 h and accounts for 20%-25% of patients with recurrent calcium 
stones. Uric acid levels in the blood are within the normal range in more than 80% of these patients. 

The incidence of uric acid is increasing due to a higher prevalence of obesity, metabolic syndrome, and a high-purity diet than a 
defect in uric acid metabolism or reduced uric acid reabsorption. Other risk factors are decreased fluid intake and metabolic acidosis 
associated with the acidic pH of the urine (Prezioso et al., 2015). Struvite stones occur in patients with recurrent urinary tract infections 
due to urease-producing organisms such as proteus and klebsiella. Stones can overgrow to form cast stones (Bhat et al., 2018). They 
consist of magnesium ammonium phosphate and calcium carbonate apatite when ammonia production increases and urine pH is 
alkaline (Bhat et al., 2018). Cystinuria has been defined as the excretion of cysteine in the urine> 300 mg/day. Cystinuria is a genetic 
disorder inherited in an autosomal recessive manner with defects in the transport of four amino acids, including cystine, ornithine, 


arginine, and lysine (Bhat et al., 2018). 


Purpose of the work 
This paper aims to provide general insights into nephrolithiasis and present the possibilities for diagnosing and preventing kidney 


stones. 


2. REVIEW METHODS 


In the search for papers in this review, we based on the PubMed database. The literature we considered was limited to the years 2000- 
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2023, with the use of keywords in English: “kidney stones”, “kidney stone prevention”, “kidney stones kidney stone treatment”, 


vow 


“kidney stones risk factors”, “kidney stones diagnosis”. The research encompassed original, review, and meta-analysis articles. 


3. RESULTS AND DISCUSSION 
Risk factors 
Kidney stone risk factors may often be assessed by urine and blood tests. Urine pH is an essential determinant of kidney stone 
production. Stones composed of uric acid, cystine, and calcium oxalate typically develop in urine that is acidic in contrast, struvites 
(magnesium ammonium phosphate) and calcium phosphate stones are prone to develop in urine that is alkaline. Analysis of a 24-hour 
urine collection could be conducted to examine the presence of calcium, phosphorus, magnesium, uric acid and oxalate to determine 
stone composition and inhibitory factors for citrate and phytate formation. Increased calcium excretion is another crucial risk factor for 
the formation of stones and correlates with high dietary acid intake, increased salt intake, and insufficient or excessive vitamin D levels. 
Elevated serum calcium levels may indicate primary hyperparathyroidism as the cause of calcium deposition. Kidney stones are a 
risk factor for chronic kidney disease and can lead to progression to end-stage kidney failure (Siener, 2021). People with kidney stones 
are more likely to have common risk factors for chronic kidney disease (e.g., hypertension, pre-existing kidney disease, diabetes, 
proteinuria, albuminuria), as well as atypical factors (e.g., interstitial nephritis, chronic pyelonephritis) (Wagner, 2021). The American 
Society of Nephrology recommends referring to a nephrologist if the estimated glomerular filtration rate (eGFR) is 60 mL per minute 
per 1.73 m? or lower (stage 3 of chronic kidney disease) or if macroalbuminuria is present (Wagner, 2021) (Table 1). 
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Table 1 Risk factors of nephrolithiasis. 


Category Risk factors 
pica - High intake of animal proteins, salt, sweetened beverages, and vitamin C 
- Low intake of fruits, vegetables, and calcium 
; - Acidic urine (pH < 5.5) for calcium oxalate, uric acid, and cystine stones 
oe - Alkaline urine (pH > 7.0) for calcium phosphate and struvite stones 
- High urinary calcium (hypercalciuria), oxalate (hyperoxaluria), uric acid (hyperuricosuria) 
: - Hypercalciuria, hyperoxaluria, hyperuricosuria, cystinuria 
Metabolic 
- Decreased citrate levels in urine (hypocitraturia) 
Medical -Obesity, metabolic syndrome, diabetes, hypertension, chronic kidney disease, distal renal 
Conditions tubular acidosis 
Medications - Protease inhibitors, antibiotics, diuretics 
Hydration - Low fluid intake, dehydration, high urine osmolality 
Genetic - Positive family history of nephrolithiasis 
Others - Chronic urinary tract infections (for struvite stones), rapid weight loss, laxative abuse 


Symptoms 

As kidney stones pass through the urinary tract, a distinctive spasm and intermittent pain in the side and abdomen occur. Often, this 
pain is accompanied by hematuria, vomiting, apathy, or nausea. Fever and chills may also be present. On the other hand, stones in the 
renal pelvis may not cause symptoms. Differential diagnosis includes infections of the urinary tract or abdominal cavity, as well as 


musculoskeletal inflammation (Sakhaee et al., 2012). 


Diagnostics 

Initial examinations in a patient with suspected kidney stones should include urine testing, blood in the urine. If the patient has a fever 
or has leukocytes in their urine, a urine culture test is crucial in the diagnostic process. Sometimes, the diagnosis is made based on a 
radiological examination. Stones induced by protease inhibitors and uric acid stones may not be visible on radiography. 
Ultrasonography or spiral computed tomography (CT) can be detecting all types of kidney stones and is often essential when the 
diagnosis is uncertain. 

Referral to a urologist is justified when there is more than one kidney stone, symptoms worsen with fever, kidney function is 
impaired, stone transit prolongs, the patient has been diagnosed with hydronephrosis, the patient is pregnant, or the stone has a 
diameter of more than 5 mm, measured using computed tomography or ultrasonography. The smaller stones pass through the urinary 
tract spontaneously in 90 % of the patients (Preminger et al., 2007). Urologists increasingly use urethroscopy to remove stones and 
evaluate urinary tract epithelial lesions. The interstitial deposits that contain calcium oxalates are visible on urethroscopy as a white 
residue (Preminger et al., 2007). 


Prevention of kidney stones 
Low dietary calcium intake is a significant risk factor for calcium formation and should be avoided in patients with hypercalciuric 
stones (Kachkoul et al., 2023). A diet low in calcium increases the absorption of intestinal oxalate and increases its excretion in the urine. 
A high dietary protein intake increases the daily acid load by producing sulfuric acid from the metabolism of sulfur-containing amino 
acids (Fontenelle and Sarti, 2019). The production of sulfuric acid and uric acid from protein metabolism increased urinary excretion of 
uric acid and calcium. It leads to a decrease in the urine pH and the excessive excretion of citrate, which contributes to the formation of 
stones (Fontenelle and Sarti, 2019). Recommendations suggest reducing protein intake to <1.0 g/kg/day in patients with recurrent stones 
in treating these patients. 

A high salt intake in the diet > 3.0 g / day can promote the formation of stones, thanks to an increase in the excretion of calcium in 
the urine (Cappuccio et al., 2000). Moreover, low fluid intake, dehydration, and high urine osmolality are significant risk factors for 
developing kidney stones via increasing calcium and oxalate levels (Cappuccio et al., 2000). Sweetened beverages acidified with 
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phosphoric acid might increase the risk of calculus development and need to be avoided. Significant dietary intake of vitamin C is also 
considered a risk factor for calcium oxalate stone formation by increasing urinary oxalate excretion (Ferraro et al., 2016). Low citrate 
levels in the urine are a significant risk factor for limescale formation. It occurs in about 20%-25% of patients with recurrent 
nephrolithiasis (Ferraro et al., 2016). Citrate in urine combines with calcium to form a soluble complex. 

As a result, less free calcium is available to form calcium oxalate stones (Sakhaee et al., 2012). Hypocitrage is a urinary excretion of 
citrate <320 mg/day (Ferraro et al., 2016). The primary determinant of citrate excretion in urine is acid-base disorders. Chronic acidosis 
increases proximal reabsorption in citrate tubules and decreases urinary citrate secretion (Sakhaee et al., 2012). Magnesium is a solid 
protective inhibitor of limescale formation (Goldfarb et al., 2023). Magnesium-rich foods such as spinach, almonds, yogurt, dark leafy 
vegetables, and beans are likely to inhibit the formation of calcium crystals (Goldfarb et al., 2023). The problem of kidney stones is not 
limited to the adult population. The rising incidence of kidney stones in children correlates with the increased prevalence of diabetes, 
obesity, and hypertension in this demographic group (Sas, 2020). 

Because age is a risk factor for kidney stones, adolescents are much more likely to have stones than younger children. Both reasons 
for the occurrence of stones and the treatment differ in various age groups. Children have a much higher incidence of anatomical and 
metabolic abnormalities, increased urinary excretion of calcium, and decreased excretion of calcium oxalate and citrate (Sas, 2020). 
Children affected by cystinuria and other inherited forms of kidney stones are more likely to have a decrease in kidney function 
compared to the same control age group. However, progression to complete loss of renal function is rare (Sas, 2020). Pregnant women 
are twice as likely to get calcium phosphate stones compared to women of similar age who are not pregnant. 

In these cases, the likelihood of developing calcium phosphate stones is two to three times higher than developing oxalate stones. 
(Thongprayoon et al., 2021). In the second and third trimesters, the frequency of kidney stones increases. Women have an increased 
glomerular filtration rate and greater urinary calcium excretion during pregnancy. They may also exhibit a higher urine pH in the 
second and third trimesters, which can predispose them to calcium phosphate stones. Ultrasound is considered the preferred imaging 
test for pregnant women. Pregnant women with renal colic have almost twice the risk of preterm birth compared to women who do not 


have kidney stones (Thongprayoon et al., 2021). 


4. CONCLUSIONS 


The incidence of kidney stones will increase in the future. They can arise as a result of excessive excretion of calcium, oxalate, uric acid, 
or cysteine. Urinary pH and elevated urinary calcium excretion are significant risk factors for the formation of kidney stones. Patients 
with a suspected kidney stone diameter over 5 mm are recommended for referral to a urologist. Strategies to prevent kidney stones 
include several principles. First of all, low dietary calcium content is a significant risk factor for kidney stones. Secondly, a high dietary 
intake of protein, vitamin C, and salt contributes to the formation of kidney stones. Dehydration, resulting in high urine osmolality and 
low levels of citrate in the urine, increases the risk of kidney stones. Magnesium, on the other hand, is a potent antagonist of limescale 


formation. 
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